Abstract. We compare experimental melting curves of short heterogeneous DNA oligomers with theoretical curves derived from statistical mechanics. Partition functions are computed with the onedimensional Peyrard-Bishop (PB) Hamiltonian, already used in the study of the melting of long DNA chains. Working with short chains we take into account, in the computations, not only the breaking of the interstrand hydrogen bonds, but also the complete dissociation of the double helix into separate single strands. Since this dissociation equilibrium is of general relevance, independent of the particular microscopic model, we give some details of its treatment. We discuss how the non bonded three-dimensional interactions, not explicitly considered in the one-dimensional PB model, are taken into account through the treatment of the dissociation equilibrium. We also evaluate the relevance of the dissociation as a function of the chain length.
Introduction
The melting of DNA is the cooperative thermal disruption of hydrogen bonds between complementary bases in the double helix, detected by the UV absorption increment due to the unstacking of the separated bases. Although short DNA chains (oligonucleotides) are not naturally found in biological structures, they have a great relevance in many different biological techniques, such as: polymerase chain reaction (PCR), sequencing by hybridization, antigene targeting, Southern blotting [1] [2] [3] . All these techniques are of basic importance in modern molecular genetics. In many of these applications it would be useful to be able to predict the melting curves of short oligonucleotides of a prescribed sequence, or at least the melting temperature. Then it is very important to have a microscopic theoretical understanding of the melting process. After the pioneering work of Breslauer and Marky [4] , there has been remarkable progress towards the prediction of the sequencedependent melting temperature of short duplex DNA, based on nearest-neighbour thermodynamics [5, 6] , and not on a microscopic model.
In this paper we present a theoretical approach to the interpretation and prediction of the melting curves of short DNA chains, based on a microscopic model and on statistical mechanics; as it will be shown, short means DNA chains with no more than few hundreds base pairs. The microscopic modeling of a molecular system, based on a Hamiltonian, requires an explicit expression for the molecular forces that regulate the structure and function of DNA. These kinds of models have been introduced mainly for the study of nonlinear energy localization and transduction along biopolymers [7] , and, more recently, by Peyrard and Bishop (PB) in 1989 also for the study of DNA melting [8] . Confrontation with a set of experimental data is the only way to validate a model and to fix the values of the relevant parameters. With respect to a purely thermodynamical approach, the use of microscopic models has the advantage that a validated model can be used to study the dynamics of the system. In a short article we have already reproduced some experimental melting curves of short DNA duplexes via the PB model [9] ; in this paper we present the details of the method of computation, comparison with further experimental curves, and an extended discussion of different topics relevant for our modelization.
In the following Section we discuss the problem of taking into account the equilibrium of dissociation of the duplex into single strands. In Section 3 we introduce the Peyrard-Bishop model and we show how to compute the local opening of the hydrogen bonds. In Section 4 we show our results and the comparison with several experimental curves; we also make an evaluation of the importance of the dissociation equilibrium, in the calculation of the melting curves, as a function of the chain length N. In the last Section we give some comments and conclusions.
The dissociation equilibrium
For long DNA fragments, when the fraction θ of intact hydrogen bonds between complementary bases goes practically from 1 to 0 at the melting transition, the two strands are not yet completely separated; the great majority of the bonds is disrupted and the DNA has denaturated, but the few bonds still remaining prevent the two strands from going apart each other [10, 11] . Only at higher temperatures will there be a real separation. Therefore the double strand is always a single macromolecule through the transition, and, in a calculation based on a given model, one has to compute the fraction of intact or disrupted bonds.
The situation is more difficult for short fragments. In this case the processes of single bond disruption and strand dissociation tend to happen in the same temperature range. As a consequence, the value of θ is given by the product of two quantities: the fraction of strands that exist in the duplex form, that can be called θ ext , and the fraction of intact bonds in the existing double strands, that can be called θ int [10, 11] . This factorization θ = θ int θ ext is in principle valid in general; however, for long fragments, where at the melting temperature strand dissociation is still negligible, the part of the calculation concerning θ ext can be neglected, as far
